H3C-N+--H2-H2-0-C CH13+ H20 ->H3C-N+--H2--H2-H+H3C--02-+H+ I CH3
CH3 is ubiquitously distributed in the nervous tissue of animals. The enzyme has been intensively studied because of its fundamental role in neural function (Nachmansohn, 1971) (Baldwin & Hochachka, 1970) and from polar and tropical fishes (Baldwin, 1971) (McIntosh & Plummer, 1973) . After dialysis, the supernatant was applied to an equilibrated Sephadex G-200 column (75 cm x 2.5 cm) and eluted with Tris-HCl buffer. Fractions were collected with an LKB fraction collector, and those containing highest acetylcholinesterase activity (about 5umol of product/min per mg of protein), corresponding to peak C ofChan et al. (1972) , were pooled and further dialysed before being used for kinetic experiments.
Dolphin fish (Coryphaena hippurus) were caught by line and baited hook in surface waters (26°C) off the Kona coast ofHawaii. The brain, which in this species is relatively large, was quickly excised, placed in icecold buffer, homogenized, and prepared as described above except that in this case the Sephadex G-200 step was omitted because of a much smaller amount of material. Enzyme activity in the initial extract was about 80jumol ofproduct formed/min per g wet wt. of nervous tissue, and the final preparation represented about a 10-fold purification of the enzyme.
For comparative purposes I also captured an abyssal fish, Antimora rostrata, using a free-vehicle capture technique previously described (Phleger & Soutar, 1971 ). All of my successful vehicles were dropped in about 1100 fathoms of water off the Kona coast of Hawaii. At this depth, the water temperature is 2°C and the hydrostatic pressure is about 20.5 MPa (205atm). To reproduce these physical conditions in certain kinetic experiments, I used a temperaturecontrolled high-pressure cell built into an SP. 1800
Unicam recording spectrophotometer (Mustafa et'al., 1971 ). Brain acetylcholinesterase from freshly captured Antimora was prepared by methods identical with those used for the dolphin fish. Enzyme activity in the initial extract was about 2,mol/min per mg and the final preparation also represented about a 10-fold purification.
Enzyme assay
Most of my routine acetylcholinesterase assays used acetylthiocholine, obtained from Sigma Chemical Co., as the substrate. In this assay, the rate of thiocholine production is followed at 412nm by its reaction with 5,5'-dithiobis-(2-nitrobenzoic acid) (0.2mM in 50mM-Tris-HCI, pH7.5). Enzyme activity was determined at various temperatures and pressures in this solution with various concentrations of substrate, and in some cases various concentrations of inhibitors. All my acetylcholinesterase preparations were fully inhibited by 0.1-1.OflM-neostigmine. In experiments using 3,3-dimethylbutyl acetate as substrate, the rate of hydrolysis was followed spectrophotometrically at 620nm by including a pH indicator, Bromothymol Blue (pK = 7.0), in a weakly buffered assay mixture as described by Changeux (1966) 
The ASO changes were calculated on the basis of the values of AGO and AHO: ASO = (AH0-AG0)/T It is important to emphasize that calculation of these parameters depends on K, estimates and that the percentage error in estimating the thermodynamic parameters increases. As a first approximation, I consider this a minor difficulty since in comparing different enzymes it is the direction of change rather than the absolute magnitude of change that is of major interest.
Results and Discussion
Effect of temperature andpressure on maximum velocity
The effect of temperature on eel enzyme activity under optimal concentrations of acetylthiocholine is almost identical with that observed with the true substrate (Baldwin & Hochachka, 1970 as the substrate, the Qlo is about 2 and the Arrhenius activation energy is about 5OkJ/mol (12kcal/mol).
With optimal concentrations of substrate, the electric-eel enzyme is inhibited by pressure at both low (6°C) and at high (25°C) temperatures. At 6°C, the volume change of activation is 52cm3/mol, calculated from the following equation:
where the gas constant (R) has the value of 82.07cm3/ mol, k,,1 and k,2 are the rate constants at pressures Pi and P2 atmospheres, T is the temperature in degrees Kelvin, and A Vt is the volume change of activation. With the carbon analogue as substrate, the reaction velocity of the eel enzyme under optimal conditions is pressure independent to about 40MPa (400 atm), but is increased as pressure is further raised. Between 0.1 and 2OMPa (1 and 200atm) the A V: is therefore essentially zero, whereas between 40 and 8OMPa (400 and 800atm), AVt is about -51 cm3/mol. (Fig. 1) . Both the absolute values of the K. and its temperature dependence are in essential agreement with previous studies utilizing acetylcholine, the true substrate for the reaction (Baldwin & Hochachka, 1970; Baldwin, 1971 These effects of temperature on the enzymecarbon analogue interactions are opposite in sign to the effects of temperature on the coulombic contribution to binding. Some indication of the latter can be obtained from studies with inhibitors that compete with the substrate for binding at the anionic site. For relatively simple inhibitor compounds such as dimethylammonium ion, binding is probably determined largely by electrostatic interactions between the quatemary ammonium ion and the anionic site on the enzyme (Froede & Wilson, 1972) . Not surprisingly, there is a fairly direct linear relationship between the K1 for this compound and temperature (Fig. 2) , presumably owing to the stabilizing effects of low temperature on electrostatic interactions. Since Antimora is an abyssal species normally living at 2-3°C and up to several hundred atmospheres of pressure, a full comparison of its brain acetylcholinesterase with that of the dolphin fish required studies at different pressures. It will be evident that the two enzymes differ markedly in their pressure response (Table 1 ). In the case of the Antimora enzyme, the Km is decreased by pressure, whereas the enzyme from the dolphin fish shows an increase in the Km with pressure. Since high pressure stabilizes some weak-bonding interactions but disrupts hydrophobic ones (Suzuki & Taniguchi, 1972) it increases by nearly sevenfold. If our assumption is correct that binding of the carbon analogue is due largely to hydrophobic forces, the result demonstrates a dramatically disrupting effect of pressure on this contribution to binding. In contrast, high pressure appears to favour nonhydrophobic contributions to binding. Thus the K1 for the simple inhibitor, dimethylammonium ion, decreases greatly with pressure ( Fig. 3) . At 2OMPa (200atm), the Kg is about two-thirds of the value at 0.1 MPa (1 atm) and 60MPa (600atm) it is less than one-fifth of the control value.
From these results (Fig. 3 ), it appears that the differences noted between surface and abyssal species could be readily explained if the percentage hydrophobic contribution to binding were decreased in the enzyme from the abyssal species. We attempted to gain more evidence for this idea from additional studies with 'anionic-site-specific' inhibitors.
Temperature effects on enzyme-inhibitor interactions
From earlier studies it is well known that any substituted ammonium ion, especially a tertiary or a quatemary ammonium ion, is a potential inhibitor of acetylcholinesterase because it is capable of binding at the anionic site. Moreover, such studies emphasize that a significant portion of the anionic site must be hydrophobic, since large hydrocarbon chains or rings almost always increase binding [see Froede & Wilson (1972) for a review of this topic]. To assess further if the hydrophobic region of the anionic site is equally important in species living in different thermal and pressure regimes, we examined the thermodynamics of binding of a good 'hydrophobic' inhibitor, phenyltrimethylammonium ion. We found that the overall AGO of binding -25.2kJ/mol, (-6.0kcal/mol), is remarkably similar in all four enzymes examined, but the enthalpic and entropic contributions to the free-energy change in enzyme-inhibitor association vary dramatically with the physical environment of the organism. The data for the three brain enzymes are summarized in Table 2 . In the case of the brain enzyme from both ox and the dolphin fish, enzymeinhibitor association proceeds with large positive ASO changes. In contrast, in Antimora, which is adapted to extremely low temperatures and high pressures (neither of which favour hydrophobic interactions), the enzyme-inhibitor association proceeds with essentially zero entropy change ( Table 2 ). The simplest interpretation of this result is that the Antimora acetylcholinesterase has a 'smaller' hydrophobic pocket in the anionic site, playing a measurably diminished role in binding inhibitor, and by implication, in binding substrate. The decreased TASO contribution to the free energy of binding is precisely compensated by an increased enthalpic contribution (Table 2 ). In consequence, the overall AGO of binding is unchanged.
When less effective inhibitors are used, such as ethylammonium, triethylammonium, dimethylammonium or tetramethylammonium ions, some differences can be observed between these enzymes (Hochachka et al., 1975) . However, compared with phenyltrimethylammonium ion, the binding of these relatively poor inhibitors to the anionic site depends less on hydrophobic bonding. Hence, with these inhibitors, differences between the four enzymes examined are small and are difficult to interpret.
